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FRICTION MEMBER FOR BICYCLE BRAKE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from prior U.S. patent application Ser. No. 14/521,
472, filed on Oct. 23, 2014, the entire contents of which are
incorporated herein by reference.

FIELD

The present invention relates to a bicycle component,
particularly, to a friction member for a bicycle brake.

BACKGROUND

Physical properties needed for a bicycle component differ
depending on the type of the bicycle component. Some
bicycle components need satisfactory tensile strength. Some
bicycle components need satisfactory wear resistance. Other
bicycle components need satisfactory tensile strength and
satisfactory wear resistance.

A bicycle brake moves a friction member when a brake
lever is operated and generates a braking force from the
friction of the friction member with a rotor or a wheel rim.
High temperature braking force (fade performance), the
ratio of a wet condition braking force to a dry condition
braking force (wet/dry ratio), wear resistance of the friction
member, braking noise, or the like may be used to evaluate
the braking performance of a bicycle brake. The friction
member is a factor that affects the braking performance.

The ease for manufacturing the friction member and the
yield of the friction member affect the manufacturing cost of
the friction member. Friction members for bicycle brakes are
mainly categorized into friction members formed from a
synthetic resin (i.e., resin pad) and friction members formed
from an inorganic material such as a metal composite
material (i.e., metal pads). Metal pads are superior to resin
pads in the high temperature braking force (fade perfor-
mance). The manufacturing cost of metal pads is higher than
that of resin pads mainly because of low yield of the metal
pads.

SUMMARY

It is an object of the present invention to provide a bicycle
component that is formed from a metal composite material.
Some aspects of the present invention are directed to a
friction member for a bicycle brake that is capable of
improving at least one of the braking properties. Another
aspect of the present invention is directed to an inexpensive
method for manufacturing a friction member for a bicycle
brake having an improved braking performance. Further,
another aspect of the present invention is directed to a
bicycle component that has satisfactory tensile strength
and/or a satisfactory wear resistance.

A first aspect of the present invention provides a friction
member for a bicycle brake that is obtained through com-
bustion synthesis.

In one example, the friction member includes an inter-
metallic compound obtained through combustion synthesis.

In one example, the friction member further includes a
metal phase.

In one example, the metal phase includes at least one of
Cu, Al, Zn, and Ni.
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In one example, the metal phase includes Cu, and the
intermetallic compound includes at least one of TiCu, Ti,Cu,
Ti;Cu,, Ti,Cu;, and TiCu,.

In one example, the friction member further includes at
least one of TiC and Cu,Ti,0.

In one example, the friction member is obtained by
subjecting a powder compacted body, which includes at least
three types of powder, to combustion synthesis.

In one example, the at least three types of powder are
copper powder, titanium powder, and carbon powder.

In one example, the powder compacted body contains 10
to 30 wt % of the carbon powder relative to the total weight
of the copper powder.

In one example, the powder compacted body contains 0.1
to 50 wt % of'the titanium powder relative to the total weight
of the copper powder.

In one example, the powder compacted body contains 5 to
15 wt % of the titanium powder relative to the total weight
of the copper powder.

A second aspect of the present invention provides a
friction member for a bicycle brake. The friction member
includes an intermetallic compound obtained from a first
metal and a second metal, and a metal phase formed from the
first metal.

In one example, the first metal is either one of Cu, Al, Zn,
and Ni. Further, the second metal is Ti.

In one example, the first metal is Cu, and the intermetallic
compound is at least one of TiCu, Ti,Cu, Ti,Cu,, Ti,Cu,,
and TiCu,.

In one example, the friction member further includes at
least one of TiC and Cu,Ti,0.

In one example, the friction member is obtained by
subjecting a powder compacted body, which includes at least
three types of powder, to combustion synthesis.

In one example, the at least three types of powder are
copper powder, titanium powder, and carbon powder.

In one example, the powder compacted body contains 10
to 30 wt % of the carbon powder relative to the total weight
of the copper powder.

In one example, the powder compacted body contains 0.1
to 50 wt % of'the titanium powder relative to the total weight
of the copper powder.

In one example, the powder compacted body contains 5 to
15 wt % of the titanium powder relative to the total weight
of the copper powder.

A third aspect of the present invention provides a bicycle
component including a Cu—Ti based intermetallic com-
pound.

In one example, the bicycle component further includes a
metal phase.

In one example, the metal phase includes Cu. The Cu—Ti
based intermetallic compound includes at least one of TiCu,
Ti,Cu, Ti;Cu,, Ti,Cu;, and TiCu,.

In one example, the bicycle component further includes at
least one of TiC and Cu,;Ti;0O.

In one example, the Cu—Ti based intermetallic com-
pound is obtained by subjecting a powder compacted body,
which includes at least copper powder, titanium powder, and
carbon powder, to combustion synthesis.

In one example, the powder compacted body contains 10
to 30 wt % of the carbon powder relative to the total weight
of the copper powder.

In one example, the powder compacted body contains 0.1
to 50 wt % of'the titanium powder relative to the total weight
of the copper powder.
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In one example, the powder compacted body contains 5 to
15 wt % of the titanium powder relative to the total weight
of the copper powder.

In one example, the bicycle component is a friction
member for a bicycle brake.

A fourth aspect of the present invention provides a
method of manufacturing a friction member for a bicycle
brake. The method includes molding a powder compacted
body, and subjecting the powder compacted body to com-
bustion synthesis.

In one example, the powder compacted body includes
copper powder, titanium powder, and carbon powder.

In one example, the powder compacted body contains 10
to 30 wt % of the carbon powder relative to the total weight
of the copper powder.

In one example, the powder compacted body contains 0.1
to 50 wt % of'the titanium powder relative to the total weight
of the copper powder.

In one example, the powder compacted body contains 5 to
15 wt % of the titanium powder relative to the total weight
of the copper powder.

Other aspects and advantages of the invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by
way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with objects and advantages
thereof, may best be understood by reference to the follow-
ing description of the presently preferred embodiments
together with the accompanying drawings in which:

FIG. 1(a) is a schematic diagram illustrating a method for
manufacturing one embodiment of a friction member;

FIGS. 1(b) and 1(c) are schematic diagrams showing a
microscope image of the friction member;

FIGS. 2(a) and 2(b) are schematic diagrams of friction
members in example 1 and comparative example 1;

FIG. 3 is a graph showing the result of a wear resistance
test performed on several examples of the friction member;

FIG. 4 is a graph showing the hardness of several
examples of the friction member;

FIG. 5 is an X-ray analysis chart of examples of the
friction member having various Ti/Cu ratios to illustrate a
diffraction peak intensity of Cu;

FIG. 6 is an X-ray analysis chart of examples of the
friction member having various Ti/Cu ratios to illustrate a
diffraction peak intensity of an intermetallic compound of
Ti,Cu;

FIG. 7 is an X-ray analysis chart of examples of the
friction member having various Ti/Cu ratios to illustrate a
diffraction peak intensity of an intermetallic compound of
TiCu,; and

FIG. 8 is an X-ray analysis chart of examples of the
friction member having various Ti/Cu ratios to illustrate a
diffraction peak intensity of Cu;Ti;O.

DESCRIPTION OF THE EMBODIMENTS

A method of manufacturing a friction member 10 of a
bicycle brake, which is one example of a bicycle component,
will now be described. As shown in FIG. 1(a), the method
of manufacturing the friction member 10 includes molding
a powder compacted body CB that includes at least three
types of powder P1, P2, and P3, and subjecting the powder
compacted body CB to combustion synthesis. The combus-
tion synthesis may be referred to as self-propagating high-
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temperature synthesis. The at least three types of powder P1,
P2, and P3 are reactants in the combustion synthesis. The
friction member 10 that includes an intermetallic compound
such as a Cu—Ti based intermetallic compound is manu-
factured by combustion synthesis. In the present embodi-
ment, the friction member 10 includes, as an intermetallic
compound, at least one of TiCu, Ti,Cu, Ti;Cu,, Ti,Cu,, and
TiCu,. The friction member 10 may further include at least
one of TiC and Cu,Ti;O.

The friction member 10 that is manufactured through
combustion synthetic has a satisfactory braking perfor-
mance, such as high temperature braking force (fade per-
formance), the ratio of a wet condition braking force to a dry
condition braking force (wet/dry ratio), wear resistance,
braking noise, or the like. Particularly, the friction member
10 of the present embodiment allows the wet/dry ratio to be
close to one and can reduce the braking noise.

The combustion synthesis is started by subjecting the
powder compacted body CB to an external thermal stimu-
lation in order to locally induce a combustion reaction,
which is an exothermic reaction, at the powder compacted
body CB. More specifically, the combustion synthesis is
started by locally irradiating the powder compacted body
CB with a laser beam to locally heat the powder compacted
body CB. For example, a portion of the powder compacted
body CB is irradiated with a laser beam at an intensity of 100
to 400 W for 5 to 30 seconds. Heat is generated when a
portion of the powder compacted body CB locally under-
goes a combustion reaction. The heat induces a combustion
reaction at an adjacent portion. For example, as shown in
FIG. 1(a), an external thermal stimulation, which is applied
to one end of the powder compacted body CB, induces a
combustion reaction at that end. The combustion reaction
successively advances in the powder compacted body CB
from one end to the other end. The combustion synthesis is
completed in an extremely short time without the need for
continuous heating from the exterior. This results in an
extremely small amount of heating energy supplied from the
exterior. Thus, the combustion synthesis significantly
reduces the manufacturing cost of the friction member 10
that includes an intermetallic compound and has a superior
braking performance.

The microscopic structure of the friction member 10 will
now be described. As shown in FIG. 1(b), the friction
member 10 includes a metal phase (a metal continuous
phase) 12 and an intermetallic compound 14 (here, inter-
metallic compound particles) having uniform or non-uni-
form shapes. The metal phase 12 includes a matrix phase or
a first phase. The intermetallic compound 14 is usually
dispersed in the metal phase to form a dispersion phase, a
grain phase, or a second phase. The intermetallic compound
14 includes, for example, at least one of TiCu, Ti,Cu,
Ti;Cu,, Ti,Cus, and TiCu,. In the illustrated example of
FIG. 1(b), the intermetallic compound 14 includes a first
intermetallic compound 14a and a second intermetallic
compound 145. The first intermetallic compound 14a is, for
example, Ti,Cu. The second intermetallic compound 145 is,
for example, TiCu,. The metal phase 12 includes at least one
of Cu, Al, Zn, and Ni. In the illustrated example of FIG. 1(b),
the metal phase 12 is a single-metal phase such as a metal
Cu phase. That is, the friction member 10 includes an
intermetallic compound 14, which is obtained from a first
metal (here, Cu) and a second metal (here, Ti), and a metal
phase 12 of the first metal (here, Cu). In several examples,
the metal phase 12 may be a metal solid solution phase such
as a CuTi solid solution. Further, in several examples, the
metal phase 12 may be the intermetallic compound.
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In the example of FIG. 1(c¢), the friction member 10
includes non-metal particles 16 and reinforced phases 18
that are dispersed in the metal phase 12. The non-metal
particles 16 are, for example, carbon particles. The rein-
forced phases 18 are, for example, Cu;Ti;O or TiC. The
reinforced phases 18 may include particle-like reinforced
phases 18a and/or film-like reinforced phases 185. The
film-like reinforced phases 185 may partially or entirely
cover some of the non-metal particles 16. In several
examples, the particle-like reinforced phases 18a and the
film-like reinforced phases 185 form a meshed reinforced
structure.

The at least three types of powder P1, P2, and P3 are
selected and configured to enhance the progress of the
combustion synthesis. In the present embodiment, the at
least three types of powder P1, P2, and P3, that is, the
reactants, include copper powder, titanium powder, and
carbon powder. Further, aluminum powder, zinc powder,
nickel powder, and any combination of these powders may
be used in lieu of or in addition to copper powder. As
illustrated in the example, the powder compacted body
including copper powder, titanium powder, and carbon
powder is subject to the combustion synthesis to obtain a
composite material that includes an intermetallic compound,
such as TiCu, Ti,Cu, Ti;Cu,, and Ti,Cu;, and TiCu,.
Although a block formed from a typical intermetallic com-
pound is generally brittle and cracks easily, the friction
member 10 of the present embodiment, which is formed
from the composite material including the intermetallic
compound, resists cracking. Accordingly, the friction mem-
ber 10 of the present embodiment has superior durability and
superior manufacturing yield in addition to having a superior
braking performance.

The particle diameters of powder P1, P2, and P3 are
appropriately determined by taking into consideration the
easiness for molding the powder compacted body and the
enhancement of the advancement of the combustion synthe-
sis. For example, the particle diameter may be in the range
of 1 to 200 um. When a reactant system includes copper
powder, titanium powder, and carbon powder, the particle
diameter of copper powder that is a main component of a
metal phase may be greater than the diameter of a titanium
particle and a carbon particle. In one example, the particle
diameter of the copper powder is 100 to 180 pm, the particle
diameter of the titanium particle is 10 to 100 um, and the
particle diameter of the carbon particle is 1 to 10 um.

When taking into consideration enhancing the advance-
ment of the combustion synthesis and the thermal perfor-
mance of the friction member, a higher purity of copper
powder is more preferable. It is particularly preferred when
the purity of copper powder is 99% or higher. Pure titanium
may be used as the titanium powder. However, recycled
titanium powder, which can be obtained at low cost, may be
used. The carbon powder is preferably graphite, which can
be obtained at a low cost. Graphite decreases cracking in the
composite material that includes the intermetallic compound
and functions as a solid lubricant that reduces the braking
noise.

Other than the at least three types of powder P1, P2, and
P3, which are the reactants, the powder compacted body
may further include an inorganic powder additive, such as
mullite, zircon, or calcium fluoride. The inorganic powder
additive functions as a filler, a solid lubricant, a friction
coeflicient adjusting agent, or the like.

The advantages of the reactant system including copper
powder, titanium powder, and carbon powder will now be
described with reference to FIGS. 2(a) and 2(b).
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FIG. 2(a) shows example 1 of the powder compacted
body CB molded to have a flat shape and formed from
copper powder, titanium powder, and carbon powder. The
powder compacted body CB of example 1 was subjected to
combustion synthesis to obtain a reaction product. The
reaction product was substantially identical in shape as the
original flat shape. The reaction product of example 1 was
usable as the friction member without undergoing any
processes or by slightly undergoing profile shaping. In this
manner, by subjecting the powder compacted body CB
including copper powder, titanium powder, and carbon
powder to combustion synthesis, the friction member 10 can
be manufactured with the desired shape with a high yield.

In contrast, FIG. 2(b) shows a comparative example 1 of
a powder compacted body CBX molded to have a flat shape
and formed from copper powder and titanium powder. The
powder compacted body CBX of comparative example 1
was subjected to combustion synthesis under the same
conditions as example 1 to obtain a reaction product 10X. In
some cases, the reaction product 10X was deformed and
differed in shape from the original flat shape. Accordingly,
it was understood that the application of carbon powder
stabilizes the shape of the friction member 10 and increases
the yield of the friction member 10.

Although not shown in the drawings, in a comparative
example 2, a powder compacted body having a flat shape
was molded containing aluminum powder, titanium powder,
and carbon powder. When the powder compacted body of
the comparative example 2 was subjected to combustion
synthesis under the same conditions as example 1, a reaction
product having many cracks was obtained in some cases.
Thus, it was understood that the combined use of copper
powder, titanium powder, and carbon powder increased the
yield of the friction member 10.

From an analysis result of the friction member 10 of
example 1, it is assumed that the reaction caused by com-
bustion synthesis advances as follows. Before combustion
synthesis is started, copper powder, titanium powder, and
carbon powder are mixed in the powder compacted body
CB. When the combustion synthesis is started, solid diffu-
sion first advances between copper atoms of the copper
powder and titanium atoms of the titanium powder to form
a copper titanium (Cu—T1) solid solution. As the combus-
tion synthesis advances, an intermetallic compound that
includes at least one of TiCu, Ti,Cu, Ti;Cu,, Ti,Cu;, and
TiCu, is formed from the copper atoms and the titanium
atoms of the copper titanium solid solution. After the com-
bustion synthesis ends, the intermetallic compound dis-
perses in the metal phase formed by the copper titanium
solid solution. The carbon powder disperses in the metal
phase. As the combustion synthesis advances, carbon atoms
of the carbon powder react with or chemically bond to the
titanium atoms of the metal phase to form a TiC reinforced
phase or reinforced structure. In the same manner, as the
combustion synthesis advances, oxygen atoms react with the
titanium atoms and the copper atoms of the in the metal
phase and form a Cu;Ti;O reinforced phase or a reinforced
structure. It is assumed that these reinforced structures
significantly decreases movement of the Cu—Ti based inter-
metallic compound, that is, deformation of the reaction
product. In accordance with the type and amount of the
powder forming the powder compacted body CB, the metal
phase may be formed from at least one selected from a group
consisting of a metal solid solution, an intermetallic com-
pound, pure metal, and any combination of these matters.

In the powder compacted body CB containing at least
copper powder, titanium powder, and carbon powder, it is
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preferred that the carbon powder be 10 to 30 wt % of the
total weight of the copper powder. The mixing of the carbon
powder within this range reduces cracks in the friction
member 10 having the desired shape, improves the yield of
the friction member 10, and reduces the manufacturing cost.
Preferably, the powder compacted body CB contains 0.1 to
50 wt % of the titanium powder P2 relative to the total
weight of the copper powder P1. The mixing of the titanium
powder within this range prevents or decreases cracking in
the friction member 10 during or after the combustion
synthesis. This further improves the yield when manufac-
turing the friction member 10 having the desired shape.

The amount of the titanium powder and the wear resis-
tance of the friction member will now be described with
reference to Table 1 and FIG. 3.

Mixtures shown in Table 1 are used to mold powder
compacted bodies containing at least copper powder, tita-
nium powder, and carbon powder. The powder compacted
bodies are subjected to the combustion synthesis to manu-
facture friction members of examples 2 to 5. Mullite, zircon,
and calcium fluoride are inorganic powder additives.

TABLE 1

inorganic powder

in powder compacted body ex. 2 ex. 3 ex. 4 ex. 5
titanium (wt %) 4 8 15 23
copper (wt %) 72 68 61 53
graphite (wt %) 10 10 10 10
mullite (wt %) 3 3 3 3
zircon (wt %) 4 4 4 4
calcium fluoride (wt %) 6 6 6 6
Ti/Cu ratio (%) 5.6 12 25 43

Referring to FIG. 3, the wear amount decreases as the
Ti/Cu ratio increases from 0.1%, decreases most when the
Ti/Cu ratio is near approximately 12%, and increases after-
ward. The wear resistance is greater when the amount of
wear is smaller.

Test results of several examples having a Ti/Cu ratio
within 0.1% to 50% show a wear resistance that is superior
to a conventional metal pad. Therefore, it is preferred that
the powder compacted body contains 0.1 to 50 wt % of the
titanium powder relative to the total weight of the copper
powder. It is further preferred that the powder compacted
body contains 5 to 15 wt % of the titanium powder relative
to the total weight of the copper powder. By mixing the
titanium powder within this range, an inexpensive friction
member is manufactured with a wear resistance that is
equivalent or superior to the conventional metal pad. Par-
ticularly, it is preferred that the powder compacted body
contains 10 to 15 wt % of the titanium powder relative to the
copper powder. The mixing of the titanium powder within
this range obtains a friction member that is superior to the
conventional metal pad and has significant superiority in
wear resistance.

The hardness of several examples of friction members
having a Ti/Cu ratio within 5% to 25% was obtained to study
the relationship between the significantly improved wear
resistance and the friction member hardness. The result is
shown in FIG. 4. As the Ti/Cu ratio increases, the friction
member hardness linearly increases. The results of FIGS. 3
and 4 show that the correlation coeflicient between the wear
resistance and the friction member hardness is lower than
one.

The X-ray structure analysis was performed on several
examples of friction members having the Ti/Cu ratio within
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5% to 30% to find the component that improves the wear
resistance. The results are shown in FIGS. 5 to 8. As shown
in FIGS. 5 to 7, as the Ti/Cu ratio increases, Cu decreases
and the intermetallic compound including Ti,Cu and TiCu,
increases. As shown in FIGS. 6 and 7, when the Ti/Cu ratio
exceeds 20%, Ti,Cu and TiCu, greatly increases. Further, as
shown in FIG. 8, Cu;Ti;O increases as the Ti/Cu ratio
increases. The X-ray structure analyses of FIGS. 5 to 8
showed that the existence of Cu;Ti;O and the intermetallic
compound including at least one of Ti,Cu and TiCu,
improved the friction member wear resistance.

The embodiment has the advantages described below.

(1) In the embodiment, the friction member 10 of a
bicycle brake is obtained through combustion synthesis.
This configuration allows for inexpensive manufacturing of
the friction member 10 that has satisfactory braking perfor-
mance.

(2) The friction member 10 includes an intermetallic
compound obtained through combustion synthesis. This
improves the braking performance, such as high temperature
braking force (fade performance), the ratio of a wet condi-
tion braking force to a dry condition braking force (wet/dry
ratio), wear resistance, braking noise, or the like. Preferably,
the intermetallic compound is at least one of TiCu, Ti,Cu,
Ti,Cu,, Ti,Cu,, and TiCu,.

(3) The friction member 10 further includes the metal
phase 12. This improves the heat dissipation performance of
the friction member 10 and the high temperature braking
force (fade performance). Preferably, the metal phase 12 is
at least one of Cu, Al, Zn, and Ni.

(4) Preferably, the friction member 10 includes TiC. This
reduces cracks in the friction member 10 and increases the
yield of the friction member 10.

(5) Preferably, the friction member 10 includes Cu,Ti;O.
This improves the wear resistance of the friction member 10.

(6) The powder compacted body CB including at least
three types of powder is subjected to combustion synthesis
to obtain the friction member 10. This configuration allows
for inexpensive manufacturing of the friction member 10
that has the desired shape.

(7) The at least three types of powder are copper powder,
titanium powder, and carbon powder. This configuration
obtains the inexpensive friction member 10 that is superior
in high temperature braking force (fade performance), ratio
of' a wet condition braking force to a dry condition braking
force (wet/dry ratio), wear resistance of a friction member,
and braking noise.

(8) The powder compacted body CB contains 10 to 30 wt
% of the carbon powder relative to the total weight of the
copper powder. This configuration allows for reduction of
cracks in the friction member 10, improvement in the yield
of the friction member 10, and reduction of the manufac-
turing cost.

(9) The powder compacted body CB contains 0.1 to 50 wt
% of the titanium powder relative to the total weight of the
copper powder. This configuration allows for the friction
member 10 to be obtained inexpensively and with satisfac-
tory wear resistance.

(10) The powder compacted body CB contains 5 to 15 wt
% of the titanium powder relative to the total weight of the
copper powder. This configuration obtains the friction mem-
ber 10 having significantly superior wear resistance.

(11) The method of manufacturing the friction member 10
includes molding the powder compacted body CB and
subjecting the powder compacted body CB to the combus-
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tion synthesis. This configuration allows for inexpensive
manufacturing of the friction member 10 that has the desired
shape.

The embodiment may be modified as follows.

The friction member 10 of the embodiment is bonded to
a support member, such as a back plate, a piston, or the like,
to form a brake pad and may be applied to any bicycle brake,
such as a disc brake, a rim brake, or the like.

The friction member 10 of the embodiment is formed
from a composite material including a Cu—Ti based inter-
metallic compound, such as Ti,Cu or TiCu,. The composite
material has superior strength (particularly, tensile strength)
and wear resistance. Thus, a bicycle component that is
formed from the composite material is not limited to the
friction member 10 and may be suitably used as a bicycle
component, in which it is desired that the strength (particu-
larly, tensile strength) and/or a wear resistance be improved.
For example, the friction member may be formed from a
composite material including an intermetallic compound of
any combination of Al, Zn, Ni, and Ti.

Preferably, the maximum dimension (e.g., length) of the
bicycle component including the Cu—Ti based intermetallic
compound is 5 cm or less. When the maximum dimension is
5 cm or less, the bicycle component may be manufactured
with a high yield. When the maximum dimension of the
bicycle component exceeds 5 cm, cracks may form during
combustion synthesis or during the annealing after combus-
tion synthesis. This would lower the yield of the bicycle
component.

Preferably, the bicycle component is a friction member for
a bicycle brake. The maximum dimension of a friction
member for a bicycle brake is approximately 5 cm, typically,
approximately 2 cm, and thus may be manufactured with a
high yield.

It should be apparent to those skilled in the art that the
present invention may be embodied in many other specific
forms without departing from the scope of the invention. For
example, some of the components may be omitted from all
components disclosed in the embodiments. Further, compo-
nents in different embodiments may be appropriately com-
bined. The present examples and embodiments are to be
considered as illustrative and not restrictive, and the inven-
tion is not to be limited to the details given herein, but may
be modified within the scope and equivalence of the
appended claims.

The invention claimed is:

1. A friction member for a bicycle brake, wherein the
friction member is obtained by subjecting a powder com-
pacted body, which includes at least three types of powder,
to combustion synthesis, wherein the at least three types of
powder are copper powder, titanium powder, and carbon
powder, and wherein the carbon powder is 10 to 30 wt %
relative to the total weight of the copper powder.

2. The friction member according to claim 1, comprising
an intermetallic compound obtained through combustion
synthesis.

3. The friction member according to claim 2, further
comprising a metal phase.

4. The friction member according to claim 3, wherein the
metal phase includes at least one of Cu, Al, Zn, and Ni.

5. The friction member according to claim 4, wherein

the metal phase includes Cu, and

the intermetallic compound includes at least one of TiCu,

Ti,Cu, Ti;Cu,, Ti,Cu;, and TiCu,.

6. The friction member according to claim 5, further

comprising at least one of TiC and Cu;Ti;0.
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7. The friction member according to claim 1, wherein the
powder compacted body contains 0.1 to 50 wt % of the
titanium powder relative to the total weight of the copper
powder.
8. The friction member according to claim 7, wherein the
powder compacted body contains 5 to 15 wt % of the
titanium powder relative to the total weight of the copper
powder.
9. A friction member for a bicycle brake, the friction
member comprising:
an intermetallic compound obtained from a first metal and
a second metal; and

a metal phase formed from the first metal,

wherein the friction member is obtained by subjecting a
powder compacted body, which includes at least three
types of powder, to combustion synthesis,

the at least three types of powder are copper powder,

titanium powder, and carbon powder, and

the powder compacted body contains 10 to 30 wt % of the

carbon powder relative to the total weight of the copper
powder.

10. The friction member according to claim 9, wherein

the first metal is either one of Cu, Al, Zn, and Ni; and

the second metal is Ti.

11. The friction member according to claim 10, wherein

the first metal is Cu; and

the intermetallic compound is at least one of TiCu, Ti,Cu,

Ti,Cu,, Ti,Cu,, and TiCu,.

12. The friction member according to claim 11, further
comprising at least one of TiC and Cu;Ti;O.

13. The friction member according to claim 9, wherein the
powder compacted body contains 0.1 to 50 wt % of the
titanium powder relative to the total weight of the copper
powder.

14. The friction member according to claim 13, wherein
the powder compacted body contains 5 to 15 wt % of the
titanium powder relative to the total weight of the copper
powder.

15. A bicycle component comprising a Cu—Ti based
intermetallic compound obtained by subjecting a powder
compacted body, which includes at least copper powder,
titanium powder, and carbon powder, to combustion syn-
thesis, wherein the powder compacted body contains 10 to
30 wt % of the carbon powder relative to the total weight of
the copper powder.

16. The bicycle component according to claim 15, further
comprising a metal phase.

17. The bicycle component according to claim 16,
wherein

the metal phase includes Cu; and

the Cu—Ti based intermetallic compound includes at

least one of TiCu, Ti,Cu, Ti;Cu,, Ti,Cu;, and TiCu,.

18. The bicycle component according to claim 17, further
comprising at least one of TiC and Cu;Ti;O.

19. The bicycle component according to claim 15,
wherein the powder compacted body contains 0.1 to 50 wt
% of the titanium powder relative to the total weight of the
copper powder.

20. The bicycle component according to claim 19,
wherein the powder compacted body contains 5 to 15 wt %
of the titanium powder relative to the total weight of the
copper powder.

21. The bicycle component according to claim 20,
wherein the bicycle component is a friction member for a
bicycle brake.

22. A method of manufacturing a friction member for a
bicycle brake, the method comprising:
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molding a powder compacted body which includes at
least three types of powder, wherein the at least three
types of powder are copper powder, titanium powder,
and carbon powder, and wherein the carbon powder is
10 to 30 wt % relative to the total weight of the copper 5
powder; and

subjecting the powder compacted body to combustion

synthesis.

23. The method of manufacturing a friction member
according to claim 22, wherein the powder compacted body 10
contains 0.1 to 50 wt % of the titanium powder relative to
the total weight of the copper powder.

24. The method of manufacturing a friction member
according to claim 23, wherein the powder compacted body
contains 5 to 15 wt % of the titanium powder relative to the 15
total weight of the copper powder.

#* #* #* #* #*



